The compounds are characterized and identified by chemical analyses and physical measurements.
The compounds are characterized and identified by chemical analyses and physical measurements.
Ligand-field and vibrational spectra have been investigated; values for the ligand-field parameters are reported. It is concluded that coordination takes place via the oxygen atom of the ligand.
X-ray powder patterns were used in combination with ligand-field spectra to deduce the coordination around the metal ions.
The interesting behaviour of the nickel (II) chloride adduct upon heating is discussed and it is shown that both a square pyramidal and a tetrahedral modification exists.
In a recent paper 2 we studied the donor properties of the ligand phenylbisdimethylaminophosphine oxide (PAPO) and compared them with those of the ligands hexamethylphosphoramide (HMPA) and triphenylphosphine oxide (TPPO).
It was shown that the ligand-field parameter Dq relative to tetrahedral cobalt (II) did not vary for the three ligands investigated but that the parameter ß seemed to be dependent on the electronic properties of the substituents. However, it was concluded that more data were required to see whether or not such a relationship might exist.
The present paper therefore describes the preparation and properties of a number of solvates and adducts with the ligand bisphenyldimethylaminophosphine oxide (BAPO).
Requests for reprints should be sent to Dr. M. W. G. DE BOLSTER, Department of Inorganic Chemistry, State University, P.O. Box, 75, Leyden, The Netherlands.
Experimental Part

Starting materials
Bisphenyldimethylaminophosphine oxide, also known as A^,A^-dimethyldiphenylphosphinamide, was prepared by the following method:
Bisphenylchlorophosphine (obtained from EGA) was added dropwise, under cooling, to a solution of dimethylamine in dry diethyl ether. After filtration of the amine hydrochloride salt, the ether was removed by distillation. The resulting bisphenyldimethylaminophosphine was then dissolved in dry benzene and refluxed for six hours with an excess of red HgO. After filtration, the benzene was distilled off and the resulting BAPO recrystallized from dry benzene. The melting point range appeared to be 103 -103.5 °C compared with a reported value, obtained via a different preparation, of 103-105 °C 3 .
The hydrated metal tetrafluoroborates were prepared from the metal hydroxides or carbonates and hydrofluoboric acid. The metal Perchlorates and chlorides were commercially available.
Preparation of the complexes
With the exception of the nickel (II) chloride adduct, all complexes were prepared by the following method:
The hydrated metal salt was dissolved in methanol and an appropriate amount of trimethyl orthoformate was added (for dehydration) 4 . A slight excess of ligand was added. The mixture was evaporated and upon standing crystals of the complexes appeared, in some cases only after addition of dry diethyl ether. The crystals were filtrated, washed with dry diethyl ether and finally dried in vacuo at room temperature.
The nickel (II) chloride adduct was prepared in the following way: A mixture of anhydrous nickel(II) chloride and BAPO (ratio 1 : 6) was heated in a sealed tube for three hours at 125 °C. The resulting blue melt was dissolved in hot A.R. grade acetone and possible insoluble residues were filtered off. The still hot solution was than allowed to cool. Upon standing the colour of the solution changed from blue to green and yellow crystals appeared. They were filtered, washed with dry diethyl ether and finally dried in vacuo at room temperature.
Most of the complexes are very hygroscopic and must be handled in a dried glove-box.
Measurements
Measurements were carried out as described previously 2 .
Results and Discussion
General
In Table I a number of coordination compounds containing BAPO is reported together with analytical results, colours and melting points. Further in this table, the X-ray types for the several compounds are indicated with the symbols A and B. The division into these groups was made according to the X-ray powder diagrams of the compounds, which were very similar in </(Ä) values and intensities for members of the same group. These similarities strongly suggest isomorphism between the several compounds of the same group.
As can be seen from We will show below that the green form actually is a mixture of the blue and yellow modifications.
Infrared spectra
In coordination chemistry, this technique is often In Table II 
Ligand-field spectra
For evidence about the coordination around the metal ions and the ligand-field strength of BAPO, reflectance spectra of the solid compounds of Mn, Fe, Co, Ni and Cu(II) were taken. In Table III Table III . Ligand-field spectral data for some BAPO complexes; band maxima are in kK, Dq and B in cm -1 , Dq/B and ß are real numbers. a ß = B/B0-, B0 = 1030 cm -1 (Ni 2+ ), 971 cm -1 (Co 2+ ) 24 . b Very broad band with no distinct maximum.
roborate with octahedrally coordinated metal ions 17 The band positions in the spectra of the chloride adducts of Mn and Co (II) agree with pseudo-tetrahedrally coordinated metal ions 15 ' 19 . Because of the fact that the compound Zn(BAPO)2Cl2 appeared to be isomorphous with the adducts mentioned above, we believe that it possesses the same structure.
For Fe(BAPO)2Cl2 we propose a Jrarw-polymericoctahedral structure, involving bridging halide ions 18 . This is in agreement with its anion vibrational spectrum 10 .
The ligand-field spectrum of the compound Cu(BAPO)2Cl2 is in accordance with a distorted tetrahedral structure 23 .
The ligand-field spectrum of the yellow adduct By comparing the band positions of the tetrahedral modification with those of the pseudo-tetrahedral adduct Ni(PAPO)2Cl2 2 , it can be concluded that the tetrahedral modification probably possesses the composition Ni(BAPO)2Cl2 . This is supported by the chemical analysis of the green form (Ni: 9.33%, calcd 9.47%).
It can therefore be concluded that the adduct Ni(BAPO)2Cl2 exists in two modifications, a yellow dimeric one (involving bridging and terminal chloride ions), containing (pseudo) square pyramidally coordinated nickel (II) ions and a blue monomeric one, stable at elevated temperatures, containing (pseudo) tetrahedrally coordinated nickel (II) ions. By heating the yellow modification at 100 -220 °C, it is converted into the blue modification, the conversion being reversed by cooling.
It is finally remarked that the ligand-field parameters for the tetrahedral species [ (A variation of the non-coordinating anion produces sometimes a larger charge in the parameters than the variation of the ligand.)
It seems thus as though the electronic properties of the substituents in the phosphoryl substitution series (C6H5)W[ (CH3)2N]3_wPO (n = 0-3) do not influence the donor properties of these ligands, expressed in the ligand-field parameters 10 . Further w r ork on this subject is in progress 10 .
Conclusion
From the investigations described above, the following conclusions can be drawn:
1. The ligand bisphenyldimethylaminophosphine oxide is a strongly coordinating agent for many metal ions. In all complexes coordination takes place via the oxygen atom of the ligand.
The values of the ligand-field parameters Dq
and ß for iso-structural complexes of the phosphoryl ligand substitution series (C6H5)"[ (CH3)2N]3_wPO (n = 0-3) show no significant differences.
